Aim: This paper aims to simplify the approach to reconstruction of the perineum after resection of malignancies of the anal canal, lower rectum, vulva, and vagina. Materials and Methods: The data were collected from 2 centers, namely, Addenbrooke's Hospital, University of Cambridge, United Kingdom and Christchurch Hospital, University of Otago, New Zealand. All patients who underwent perineal reconstruction from 1997 to 2009 at Christchurch Hospital (13 years) and 2001 to 2009 at Addenbrooke's Hospital (9 years) were included. The diagnosis (indication), primary surgery, reconstructive surgery, complications, tumor outcomes (recurrence and survival), and follow-up were entered into a database (Microsoft Excel; Redmond, Wash). The incidence of previous radiotherapy, requirement for adjuvant radiotherapy, and length of inpatient stay were also recorded. Results: Forty-six patients were identified for this studyV13 in New Zealand and 33 in Cambridge. Indications for perineal reconstruction included resection of anal and rectal malignancies (24), vulval and vaginal malignancy (19), perineal sarcoma (1), and perineal squamous cell carcinoma arising in an enterocutaneous fistula (Table 1 ). The reconstructive strategies adopted included rectus abdominis myocutaneous flaps (26), gluteal fold flaps (9), gracilis V-Yor advancement flaps (7) and others (4), gluteal rotation flaps (1), local flap (2), and free latissimus dorsi flaps (1). Conclusions: Although various surgeons performed the reconstructive surgeries at 2 different centers, the essential approach remained the same. Smaller defects were best treated by local flaps, whereas the rectus abdominis flap remained the standard option for larger defects that additionally required closure of dead space. On the basis of our 2 center experience, we propose a simple algorithm to facilitate the planning of reconstructive surgery for the perineum. Key Words: perineum, vulva, algorithm for perineal reconstruction, anal canal, vaginal malignancy, pedicled flap, advanced perineal malignancy, vertical rectus abdominis muscle flap, transverse rectus abdominis muscle flap, gluteal fold flap, gracilis myocutaneous flap (Ann Plast Surg 2013;71: 96Y102) 96 www.annalsplasticsurgery.com
I rrespective of geographical location, plastic surgeons around the globe are faced with the ever-increasing challenge of reconstructing the perineum after wide local excisions of malignancies arising from the anal canal, rectum, vulva, and vagina. In the past, the vulvoperineal area was thought to heal poorly because of poor blood supply, although in reality, this region has a rich blood supply almost comparable to that of the face. The widely anastomotic vascular network allows the perineal area to be a versatile donor site for local pedicled flaps. Recent trends in the surgical management of patients with vulval and perineal cancer have emphasized the value of conservative and less aggressive operations, which help to preserve function and appearance of the affected area as much as possible. On the other hand, radical operations for advanced perineal cancers are required to remove both primary and recurrent malignancy. Patients are also psychologically affected by bulky reconstructions in the vulvoperineal area; hence, the need for adequate morphofunctional reconstruction must be recognized. 1 Reconstructive options range from local advancement flaps for smaller defects, to pedicled flaps harvested from the inner thigh, gluteal fold and the abdomen for larger defects. Free flaps are used less commonly because of the limited access to and availability of vessels of suitable caliber for microvascular anastomosis. Currently, there is no consensus as to which reconstructive approach should be adopted for perineal defects. Cordeiro et al 2 suggested a classification system and reconstructive algorithm for vaginal defects. In 2005, Salgarello et al 3 proposed a flap algorithm for vulval reconstruction after radical vulvectomy. We therefore decided to review our experience with immediate perineal reconstruction at 2 international centers with the aim of creating a comprehensive algorithm to include all perineal defects and the reconstructive options available to provide a guiding framework for any reconstructive surgeon working in this area.
PATIENTS AND METHODS
All 46 patients who underwent perineal reconstruction after cancer resection at Addenbrooke's University Hospital, Cambridge, in ; M, medium defects (20Y60 cm 2 ); ORAM, oblique rectus abdominis muscle; RT, radiotherapy; S, small defects (G20 cm 2 ); TRAM, transverse rectus abdominis muscle; VRAM, vertical rectus abdominis muscle. and sex, site and type of tumor, tumor size and stage, the ablative surgical procedure performed (vulvectomy, proctectomy, abdominoperineal resection (APR), pelvic exenteration (PE), sacrectomy, coccygectomy, and concomitant groin dissection), the reconstructive procedure and its timing, and the surgical teams involved (colorectal, gyneoncology, urologists, and plastic surgeons). The hospital stay, plastic surgical outcomes (primary healing, wound breakdown, subsequent surgical procedures or operations, and other treatment such as vacuum-assisted therapy), and oncology outcomes (recurrence, survival, and follow-up) were recorded. Patients were followed up in the plastic surgical clinic for wound related/ healing problems and thereafter by the primary surgical teams and oncologists in the colorectal or gyne-oncological clinics. The median follow-up was 12 months (range, 3Y48 months). Functional rehabilitation for mobility, return to work, driving, and resumption of intercourse (where relevant) was noted.
RESULTS

Demographic Data and Tumor Characteristics
During the study period, 46 patients were treated in the 2 centers, comprising 33 in the United Kingdom and 13 in New Zealand. The mean patient age was 62.5 years (range, 31Y87) and the male to female ratio was 1:2.5. Table 1 summarizes patient demographics and tumor characteristics. The most common malignancy requiring immediate perineal reconstruction in our study was squamous cell carcinoma of the anorectal region, followed by tumors of the vulva and vagina. Of the 46 patients, 34 (975%) had undergone preoperative radiotherapy (RT) as part of neoadjuvant treatment to reduce the tumor load, 27 (58%) had also received preoperative chemotherapy, and 25 (54%) underwent surgery for recurrent tumors. The defect size ranged from 5 to 500 cm 2 . Table 2 outlines the different reconstructive techniques used according to the site and size of perineal defects after primary excision. The choice of reconstructive technique generally conformed to a standard pattern. After a simple wide local excision of a vulval malignancy, the reconstruction of choice was the local flap. With an increase in the volume of tissue resected, the next choice was bilateral V-Y medial thigh advancement flaps with or without incorporation of the gracilis muscle. When operating on patients who had been previously irradiated there was a need to resect greater amounts of tissue to reach a well-vascularized bed outside the radiation field (patient 4, Table 2 ). Hence, a greater volume of tissue was required to obliterate the dead space, at which point many surgeons preferred bilateral gluteal fold flaps as it gave an aesthetically appealing appearance of the neovulva and the donor site was cosmetically acceptable (Fig. 1) . In cases where wide local excision of the malignancy was associated with PE and hence had a greater amount of pelvic dead space which required filling, the rectus abdominis myocutaneous (RAM) flaps were the most popular, even when initial volumes of cancer resected were small (patient 3, Table 2) .
Reconstructive Techniques
Similarly, considering malignancies arising from rectum and anal canal, the smaller resections were reconstructed with bilateral gracilis flaps associated with V-Y advancement of skin (patients 26 and 29, Table 2 ), whereas larger areas required gluteal fold flaps (patients 33 and 36, Table 2 ) (Figs. 2AYF). Although 1 large volume defect (88 cm 2 ) without PE was successfully closed using bilateral gracilis flaps (patient 38, Table 2 ), the most common method of reconstruction after APR used pedicled rectus abdominis flaps (Figs. 3AYE) . This was especially true for those patients with large volume defects (960 cm 2 ), those who underwent PE, and those with resection of bony sacrum suggesting larger volumes of dead space. Other methods such as superior gluteal artery perforator rotation flaps, although used occasionally, were noted to be associated with greater incidence of complications such as wound dehiscence, which required multiple trips back to theater for debridement and closure (patient 23, Table 2 ). This may have been related to the postoperative nursing position or proximity to the field of radiation. A free latissimus dorsi flap was used to reconstruct a defect after a sacrectomy performed for resection of a sacral chondroma and perineal ulcer (patient 46, Table 2 ). However, this failed because of anastomotic venous thrombosis, and the patient subsequently died of respiratory and cardiac complications while awaiting further definitive surgery.
Plastic Surgical Outcomes
Overall flap success rate was 97.8%, with the 1 free flap used being the only case that failed. Wound dehiscence was the most common problem affecting more than a third of the patients (37%, 17 patients) of whom 13 (28%) required some form of surgical revision ( Table 3 ). Distal necrosis of the flap requiring debridement occurred in 2 patients who had reconstruction using vertical rectus abdominis muscle flaps. Of the patients who had wound dehiscence, all of them had previously undergone radiation and 70% of them, chemotherapy.
Oncology Outcomes
Although immediate reconstruction after primary surgery was performed with curative intent, 18 (39%) patients have since died either because of distant metastases (8 patients) or unrelated causes such as respiratory infections, cardiac failure, or myocardial infarction (after the 6-month period after surgery).
DISCUSSION
Despite advances in neoadjuvant therapy for perineal malignancies, surgical resection of the tumor remains the treatment of choice. Adverse conditions such as locally advanced disease (often recurrent), prior surgery, and the presence of irradiated tissue often combine to make surgical management a challenging problem. The surgeon is faced with a large defect within inelastic tissue where primary closure cannot be performed. Historically, the wounds were left to heal by secondary intention, a slow process requiring multiple (often painful) dressing changes during a period of 3 to 12 months. Studies have shown that using a flap after primary resection decreases the incidence of complications for patients subsequently undergoing postoperative RT. 4 Over the years, many techniques of reconstruction of the perineum have been developed with the goals of reducing morbidity by limiting the volume of tissue resected, providing aesthetically appealing tissue cover, as well as restoring function. Methods have evolved from split skin grafting to various flaps like gracilis (myocutaneous), gluteal fold (fasciocutaneous), and most commonly now, RAM flaps. 5Y8 Each procedure is associated with its own unique set of complications and the surgeon has to be versatile in tailoring the technique used to the patient's need. This paper aims to recommend a basic guideline of time-tested techniques used for perineal reconstructions, based on the site of malignancy and the size of primary defect.
The size of the defects were categorized as small (G20 cm 2 ), medium (20Y60 cm 2 ) and large (960 cm 2 ) as outlined in Table 2 . The guideline we propose is a simple algorithm for reconstruction of perineal defects, resulting from resection of vulval, vaginal, anal, or rectal malignancies with or without PE (Fig. 4 ).
Vulval/Vaginal Malignancies
Most small (G20 cm 2 ) anterior perineal defects can be closed primarily or with the use of transposition cutaneous flaps. Mediumsized defects (20Y60 cm 2 ) or previous RT will necessitate the use of gluteal fold or gracilis flaps. For larger defects (960 cm 2 ), which sacrifice the perforating vessels, reconstruction requires tissue from either the thigh or the anterior abdomen. Cordeiro et al 2 proposed a classification system based on whether the defect involved the anterior, lateral, or posterior vaginal walls, providing a guide to the selection of reconstructive technique. However, they did not take into account the loss of adjacent structures (bladder and rectum) resulting in large vulval or perineal defects. In contrast, the algorithm we propose is simpler, and based on the size of the primary defect and the volume of tissue required to close this defect. Additionally, it is applicable to anorectal tumors.
Local Flaps
Most small-and medium-sized vaginal defects can be closed using local flaps, which use tissue near the wound. The flap remains attached at 1 edge so that it continues to be nourished by its original blood supply and is transposed into the defect. Anterior vulval defects are much more straightforward than posterior vulval/perineal defects as the geometry and topography are completely different. When considering the use of smaller local flaps, both the dimensions and orientation of available tissue vary for each individual defect. In general terms, the anterior vulval defects are usually readily filled with a rhomboid or islanded flap transposed into the defect from the medial groin crease. A local transposition flap in the form of a rhomboid flap, as described by Burke et al, 9 was successfully used in 1 case with excellent results (Fig. 5 ). The lotus petal flap, first described by Yii and Niranjan 4 in 1996, can be used to reconstruct small defects, as it is based on the dense network of perforating vessels near the midline of the perineum. Although the lotus flap is close to the site of primary resection, it is not in the path of the cancer spread and primary closure of the donor sites can be easily performed.
There is less flexibility in posterior vaginal defects caused by less adjacent spare skin and a need to keep incisions away from the anus. Therefore, it is more likely that one would use an islanded gluteal fold flap. This is based on direct perforating vessels which are still reliable after RT, can be islanded and thinned to match the volume of the defect. They also have the advantage of avoiding hair growth in the neovagina.
Several other local flaps have been described for reconstruction of vaginal defects but these have not been described here in detail simply because we have not used them in our practice. These include the perineal artery axial flap (for small defects), 10 fasciocutaneous pudendal thigh flap, also known as the Singapore flap (for smalland medium-sized defects), 11, 12 and the anterolateral thigh flaps (for medium to large defects). The anterolateral thigh flap may be reliably pedicled into perineal defects, does not require an intraoperative change of patient's position, 13 and has been successfully used for reconstruction after PE with good effect and low donor-site morbidity. 14, 15 With further experience, these can be slotted into the perineal reconstruction algorithm based on the volume of tissue they provide to close defects.
Pedicled Gracilis Flap
Bilateral gracilis flaps can provide cover for large defects and are such as those resulting from total circumferential vaginectomies, first described by McCraw et al 7 in 1975. In our experience, where the defect was complex, bilateral flaps were harvested. The flaps can also be tubularized to form a neovagina and then anchored either to the periosteum of the sacrum or pubis to prevent prolapse. The advantage of gracilis muscle flaps is the wide arc of rotation and proximity to the introitus. The gracilis V-Y advancement provides tissue over a broad front especially useful for anterior perineal reconstruction, as illustrated in Figure 6 .
RAM Flaps
For defects resulting from PE where there was substantial dead space that required filling, the rectus abdominis flap was the reconstruction of choice. This was harvested as a transverse or vertical flap or in 2 cases obliquely oriented flaps with an ellipse of skin, as described by Taylor et al. 16 For circumferential vaginal defects, the skin island was folded and tubularized to form the neovagina. Advantages of the RAM flap include the reliability or robustness of the deep inferior epigastric vascular pedicle (even after pelvic RT), and the relative ease by which it can be harvested without position change. The flap is bulky and hence suitable to fill dead space and there is minimal donor-site morbidity.
Anorectal Malignancies
Resection of all the anorectal malignancies in our study resulted in defects greater than 20 cm 2 in volume. Those of smaller volume were classed under medium-sized defects as their management is the same and except for gluteal fold flaps, other local flaps have not been considered for defects from anorectal malignancies because the primary resection is in the form of APR resulting in a deeper wound and dead space that requires filling. Medium-sized defects (G60 cm 2 ) or large defects, without PE necessitated the use of gluteal fold or pedicled gracilis flaps. These flaps are also suitable for patients who undergo the primary resection laparoscopically. The rectus abdominis flap is, however, ideal for defects with large amount of dead space after resection of anorectal malignancies and PE (Fig. 4 ).
Gluteal Fold Flaps
After APR, a popular option for reconstruction of the perineum is harvesting a gluteal fold flap. 8 The gluteal fold flap, although a local flap, combines the advantages of a distant flap (such as reliability after pelvic or perineal RT) with those of being locally available and amenable to harvest without moving the patient from the lithotomy position. It has a long reach and 2 are available for bulk (Figs. 2AYF), or if one is damaged during tumor resection or flap harvest. Although not included in our algorithm for reconstruction of perineal defects with PE, bilateral gluteal fold flaps did provide enough tissue volume for 1 such case (patient 22, Table 2 ) and can be considered if patient anatomy allows. When bilateral gluteal fold flaps are harvested, the natal cleft can be recreated for a more natural look and the scar is well hidden. 17 However, the disadvantage of a gluteal fold flap is the discomfort patients experience on sitting down in the initial period. Our experience recommends that they do not sit for more than a few minutes for the first 3 weeks.
RAM Flap
The most popular choice of reconstructive surgery after an APR with or without PE is the rectus abdominis flap. The right rectus 
